Objective: To review the literature for evidence that pertains to return to play and spine injuries, including cervical spinal stenosis, congenital and developmental abnormalities of the cervical spine, stingers, herniated nucleus pulposus, and spondylolysis/spondylolisthesis.
S pine injuries are a significant concern in the athletic population. The majority of soft tissue injuries are probably not reported, making it difficult to estimate accurately the total number of spine injuries. 1 The more severe spinal injuries are fortunately less common, but bring concern to physicians, certified athletic trainers, parents, and athletes. They also produce controversy because the literature is lacking in randomized control trials (RCTs) examining sport-related spine injuries (Table 1) . We are left most often with expert opinion. With decisions relating to return to play, most authors would agree that the participant must be symptom-free, have full active range of motion, and have near to full strength. However, each situation has specific variables. This paper describes a more detailed approach to traumatic spinal cord injury, spinal stenosis, burners, lumbar herniated nucleus pulposus, and spondylolysis.
TRAUMATIC SPINAL CORD INJURY
One of the most feared risks of athletic participation is spinal cord injury (SCI). Although SCI may seem rare, there are 11,000 cases annually in the United States, with 9% relating to sports, making them the 4th most common cause of SCI. 2 Regardless of their incidence, SCIs have great impact because they are usually life-changing injuries with calamitous results. A total of 116 deaths due to cervical spine injuries were reported in all levels of American football between 1945 and 1994. 3 There has been a decrease in SCI rates with 1976 rule changes, such as the elimination of spear tackling as a legal maneuver. 4 For example, there were 34 cases of tetraplegia in 1976, and only 5 cases in 1984. 5 Also, 42% of fatalities were due to cervical injury in the decade 1965 to 1974. The frequency dropped to 14% and 5% in the next 2 decades. 3 The challenge remains: are there other ways to prevent such catastrophic injuries from occurring? The focus of this paper is to look at the literature to help guide decisions relating to return to sport after a noncatastrophic injury.
CERVICAL SPINAL STENOSIS
Cervical spinal stenosis is a narrowing of the spinal canal, which can be acquired or congenital. Acquired cervical spinal stenosis is caused by enlargement of facet joints, ligaments, or encroachment of the disc. Congenital cervical spinal stenosis involves athletes who are born with a smaller diameter canal compared with the general population. Symptoms include weakness and paresthesias and rarely involve neck pain. However, because we rely on radiologic studies to diagnose spinal stenosis, there is debate about the true definition and subsequent difficulty in estimating its prevalence.
Lateral c-spine radiographs were first used to evaluate spinal stenosis. On radiograph, one had to have a spinal canal less than 13 mm from the levels of C3-C7 for the diagnosis. 6 This technique subsequently proved to be unreliable due to magnification error. Torg and Pavlov introduced a ratio to account for the magnification error in the late 1980s. The TorgPavlov ratio is the diameter of the cervical canal divided by the width of the cervical vertebra. Any measurement less than 0.8 was considered canal stenosis with normal being 1.0. Herzog et al 7 found that many athletes have a larger than normal vertebral body width, which would decrease the ratio and cause the measurement to be misleading. Blackley 12 states that cervical stenosis should be defined by loss of CSF surrounding the cord, or compression of the cord, on MRI, contrast CT, or myelography. He refers to this as ''functional cervical stenosis. '' 12 Although the work-up should start with x-ray to rule out fracture or obvious ligamentous instability, any definition of cervical stenosis should not rely solely on radiographic measurements. These radiographic findings provide information only about where spinal cord sits and not the spinal cord itself.
The ultimate controversy lies in whether cervical stenosis is a risk factor for permanent damage. Torg et al 13 writes that cervical stenosis is a risk factor for cervical cord neurapraxia (CCN). CCN involves more than one extremity at a time. Neurologic symptoms can vary from paresthesias to complete paralysis. This disorder is transient, lasting seconds to minutes, but can last up to 48 hours. Torg reviewed 110 patients with CCN and found that none of them had any lasting sequelae (level IV). However, only half of them returned to their sport. Of those who returned, 56% had another episode of CCN. Again, none of them had any permanent structural catastrophic injury or paralysis. Thus, Torg et al 6 concluded that there is no absolute contraindication to return to sport with cervical stenosis if asymptomatic. Cantu 12 disagrees, arguing that cervical spinal stenosis is an absolute contraindication to contact sports. He also reports anecdotally about cases of SCI *Numbers refer to citations. †Many experts agree that these diagnoses are absolutely contraindicated for contact/collision sports. It would be difficult to imagine a RCT involving these problems addressing RTP.
that had prior episodes of CCN (level III). However, there are no RCTs available to help make informed decisions. Bailes et al, 14 Cantu et al, 15 and Torg and RamseyEmrhein 16 have published guidelines for cervical injury and return to play. However, the guidelines are not standardized. 17 Therefore, a team of sports medicine and neurologic specialists who understand the specific factors relating to each case must work together to come to an individualized recommendation on return to play. Patient education is essential, especially with the significant ramifications related to making this decision.
Several other congenital and developmental conditions of the cervical spine must be addressed in return to play in collision sports. Congenital diseases such as odontoid abnormalities, atlanto-occipital fusion, and Klippel-Feil fusions above C3 are absolute contraindications. 16 Klippel-Feil fusion below C3 and spina bifida occulta are not contraindications to play. Developmental disorders such as compression fracture, end plate fracture, and spinous process fracture are not contraindications to participate. However, spear tackler's spine (cervical canal stenosis, loss of lordotic curve on lateral x-ray, coexisting radiographic changes due to trauma, and history of spear tackling) and acute fracture with clinical instability have absolute contraindications. 16 
STINGERS
Stingers, also called burners, are an injuries to the brachial plexus or the exiting nerve roots in the cervical vertebrae. Several mechanisms have been proposed to cause this condition. One mechanism is traction on the nerves with lateral flexion of the neck to the contralateral side while the shoulder and arm are depressed. Another etiology is the head moving to the ipsilateral side with extension causing the nerve roots to be pinched by the narrowing foramina. It has also been suggested that the brachial plexus can be injured by direct trauma. Stingers are very common, occurring most frequently in collision sports. Up to 50% of football players at the collegiate level sustain a stinger each year. 18 Athletes with this injury often describe a burning from the neck/shoulder to the hand. Other symptoms include paresthesias, weakness, and sometimes neck pain. Unlike the aforementioned CCN, burners occur only in a unilateral upper extremity. Like CCN, stingers are transient, with symptoms typically resolving in seconds to minutes. However, symptoms can last for weeks to months. It is important to ensure that full strength has returned by manual testing, because the other symptoms usually improve first, and the athlete may report complete resolution. The most common nerve involvement is the C5 and C6 levels, so it is imperative to strength-test the muscles that are innervated by these roots (supraspinatus, infraspinatus, deltoids, and biceps). Chronic or recurrent stingers may demonstrate muscle wasting on examination.
It has been proposed that athletes with cervical spinal stenosis are predisposed to stingers. Castro et al 19 found that the Torg ratio did not impact a college football player's risk for his first stinger, but position did. Defensive backs had the highest relative risk at 1.3. He also found that athletes with repeated stingers often have significantly smaller Torg ratios compared with athletes with less than or equal to one stinger (Torg ratio 0.75 versus 0.87). Levitz et al 20 studied football players with chronic stingers and demonstrated on MRI that 93% of the players had significant cervical disc disease or narrowing of the neural foramina.
When a stinger occurs on the field, one must be careful to rule out a cervical spine and/or cord injury. Once the athlete is safely off the field, a detailed history and physical should be performed. It is prudent not to passively move the cervical spine while there are symptoms. Palpation, active range of motion, strength, sensation, and deep tendon reflexes should be assessed. To return to play, the athlete needs to be symptomfree and have full active range of motion with near to full strength (level V); therefore, a timetable for return to play is variable. 15, 18, 21, 22 A more extensive workup should be performed if symptoms last longer than expected or the athlete has recurrences. Initially, cervical spine radiographs (including flexion and extension views) should be done to evaluate for fracture or ligamentous instability. MRI will help determine soft tissue injury, functional cervical spinal stenosis, or disc herniation. EMG can help determine location of injury but may remain abnormal after strength returns, so it is important not to rely solely on electrodiagnostic studies. 21 Several preventative options exist. An experienced equipment manager can add a cowboy collar or other device to prevent hyperextension. The athlete's shoulder pads should be checked for proper fit. Another key to preventing stingers is an off-season strengthening program for the neck muscles. Proper tackling and blocking techniques should be addressed as well.
HERNIATED NUCLEUS PULPOSUS
Low back pain is common; approximately 80% of the general population will experience one or more occurrences in their lifetime. 23, 24 Herniated intervertebral discs, however, are uncommon, with a prevalence of only 2% to 5% of the general population. 25 Moore et al 26 found that 98% of ruptured lumbar discs incorporated nucleus pulposus material. The nucleus pulposus usually extrudes posterolaterally due to the relatively weak posterior longitudinal ligament. 27 Up to 95% of disc ruptures occur at L4-L5 and L5-S1, with the latter being most common. 28 Symptoms can include back pain and/or leg pain. On examination, weakness, decreased deep tendon reflexes, paresthesias, and decreased sensation can be appreciated in the corresponding nerve root. A positive straight leg raise or other nerve root stretch tests may also be indicative of a ruptured disc.
Initial treatment of herniated nucleus pulposus (HNP) is conservative. NSAIDs may be used to help with pain and inflammation. Opioids may be given a short trial to break the pain cycle. Many physicians advocate the use of corticosteroids to reduce swelling and inflammation around the nerve root. 29 Traditionally, McKenzie or extension exercises are used for rehabilitation because of the posterolateral herniation resulting in worsening discogenic pain with trunk flexion. Conservative care is often successful, with one study documenting MRI resorption of 75% to 100% of HNPs in 46% of the patients. 30 An additional 36% of the patients had 50% to 75% resorption of HNPs. 29 Another study documented 48% of patients had over 70% resorption of HNPs, and 15% had resorption of 30% to 70% of HNPs. 31 The hypothesis is that the immune system releases cytokines and proteases, which digest the herniated disc.
If the patient is not responding, a trial of epidural steroid injections may be useful even though there are few published double-blind RCTs and the data is conflicting. [32] [33] [34] Buttermann 35 found 42% to 56% of patients who failed at least 6 weeks of conservative care had symptom improvement to epidural steroid injection. He compared this to the discectomy group with 92% to 98% improvement of symptoms. He concluded that if someone fails noninvasive treatment, subsequently a trial of epidural steroid injection should be performed, because around half of the individuals would be able to avoid surgery (level I). If severe pain or weakness persists or a serious neurologic problem such as cauda equina syndrome (back pain with paresthesias and bowel/bladder dysfunction) develops during 8 to 12 weeks of conservative management, then surgery is strongly considered. Microdiscectomy seems to be the gold standard. 36, 37 Of those who go to surgery, studies report a rate of 70% to greater than 90% 38 achieving improved symptoms.
An athlete who has undergone conservative management should demonstrate a significant improvement of symptoms to return to play. Full strength should return, and pain must be manageable enough for him or her to perform in sport without analgesics or abnormal movement patterns. Athletes who had a microdiscectomy will need 6 to 8 weeks before returning to noncontact sports and 4 to 6 months for contact sports. 39 Watkins et al 40 published a report on 60 cases of Olympic and professional athletes who underwent microdiscectomy. A total of 53 athletes returned to their chosen sports in an average of 5.2 months after surgery, with a range of 1 to 15 months. RTP was based on the athlete finishing a core strengthening program, adequate aerobic fitness, and the athlete could perform exercises and skills specific to his or her sport (level IV).
SPONDYLOLYSIS/SPONDYLOLISTHESIS
Low back pain is common in young athletes (10-15% prevalence), 41, 42 with spondylolysis being the most common cause in adolescents. 36 Micheli and Wood 43 reviewed 100 cases retrospectively and found that nearly ½ of the cases of back pain were due to spondylolysis. Spondylolysis is a defect of the pars interarticularis of the vertebrae. It is estimated that 5% to 6% of the general population 44 has spondylolysis, whereas athletes have a much higher prevalence, up to 43%. 45, 46 Ninety percent of spondylolysis occurs at L5. 47, 48 Acquired spondylolysis is thought to be a stress fracture that lies along a continuum of spinal overload, starting with a stress reaction and progressing to a slip of the vertebrae, which is called spondylolisthesis. Spondylolisthesis is an anterior slip of the vertebral body after bilateral spondylolysis has occurred. Spondylolisthesis is graded I-IV depending on what percentage of the vertebral body slips (grade I, 0-25%; grade II, 25-50%; grade III, 50-75%; grade IV, .75%).
Spondylolysis is typically seen in adolescents because the pars interarticularis has not fully matured and may be more susceptible to stress injury. Extension or extension with side bending causes shear forces across the pars interarticularis of the facet joint. 49 Patients will typically present with localized low back pain that is exacerbated by extension. On physical examination, pain with lumbar extension, a positive stork test (patient stands on one leg and goes into lumbar extension), and hamstring tightness 50 are signs of spondylolysis. Sports with repetitive extension, such as gymnastics (11%), diving (43%), weightlifting (23%), and wrestling (30%), are at highest risk for spondylolysis. 45, 46, 51 Initial evaluation includes PA, lateral, and oblique radiographs of the lumbar spine, although only 1 /3 of x-rays will demonstrate the classic ''Scotty dog with collar'' appearance of the fracture. 52 Many authors suggest that with such low sensitivity and higher doses of radiation, oblique views should not be obtained. 51, 53 Bone scintigraphy with single photon emission computed tomography (SPECT) is much more sensitive than x-ray and is considered by some experts to be the study of choice when the screening radiographs are negative. 53, 54 Athletes with negative radiographs but positive bone scintigraphy may be more likely to achieve bony union of the fracture. 55 Also, unilateral pars fractures are more likely to have bony healing than bilateral pars fractures. 56 Many patients with positive x-ray findings instead form a pseudoarthrosis with fibrous scar tissue at the fracture site. Reversegantry CT could be helpful in the diagnosis and management of spondylolysis. 55 Congeni et al 55 showed that some fractures not seen on bone scintigraphy were demonstrated on reversegantry CT. Also, CT provides greater bony detail, so healing can be assessed. Spondylolysis can be demonstrated on MRI, but single photon emission computed tomography/CT scans can be less expensive and more sensitive, so MRI is generally be reserved for patients with neurologic or refractory symptoms.
There are no RCT tested treatment protocols for spondylolysis, but some general principles can be applied to any treatment plan. Because this injury is due to overloading or overstressing the spine, the first step in recovery is to stop the inciting event. A semirigid or rigid brace along with relative rest can be useful to help keep the athlete out of extension. The athlete often needs at least 4 to 6 weeks in the brace to promote healing. After the athlete has had a few weeks of rest in the brace and pain has decreased, a core-strengthening program should be implemented to help stabilize the spine when one returns to sport. Cross training, such as stationary biking or deep-water running, can also keep the patient cardiovascularly fit. After 4 to 6 weeks of relative rest, the athlete can return to sport in the brace as long as he or she has become asymptomatic. 57 For those who are participating in sports in which the brace would impede performance, they must be pain-free with lumbar extension and stork test and have improvement of hamstring flexibility before undergoing a gradual return to play. A gradual return to play would first include impact conditioning. If the athlete is pain-free, then sport specific drills can be initiated. Finally, return to normal play is allowed as long as the athlete's symptoms do not return. Fortunately, conservative care is successful in most cases. d'Hemecourt et al 57 found that 80% had good to excellent outcome with bracing and physical therapy. Similarly, Miller et al 56 had 91% good to excellent outcome in patients up to 11 years after conservative treatment. Surgery is indicated if patients have persistent neurologic symptoms, have refractory pain, or have progressed to a Grade III or Grade IV spondylolisthesis (.50-100%). Lumbar vertebral fusion for slips usually requires 6 to 12 months hiatus before an athlete can compete in noncontact sports 58 (level V).
CONCLUSIONS
There are very few studies in the literature to help make return to play decisions in regards to spine injuries. The majority of the literature is expert opinion. There are case reports published on which some of these opinions are based. However, authors' recommendations are incongruent in certain conditions (i.e., cervical spinal stenosis, cervical cord neurapraxia) because they have had different experiences. Standardized guidelines do not exist for management of cervical spine injury and return to play. Experts recommend assessment of range of motion, strength, and functional testing. With these more stringent criteria, the possibility exists that some athletes are missing out on playtime unnecessarily. Nevertheless, we must wait for more definitive studies from the literature to enhance our clinical decision-making. Certain diagnoses, such as acute fracture with instability, would be difficult to imagine a study that addresses return to play. Although this review demonstrates that we may not have a lot of evidence to back up the choices we make with our athletes, it does give us an idea of where to investigate in the future.
